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(57) Abstract 



The present invention relates to a method and to an apparatus for providing a wood surface (2) which as good anchorage for paint 
and/or glue and/or for arresting the formation of cracks. The wood is irradiated with pulsed light from a light source (3) of such strength 
and in such pulse numbers as to break covalent bonds in the material along the wood surface, at least so as to remove the damaged cell 
structure of the surface to a depth exposing the cell structure of the surface. 
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A METHOD AND APPARATUS FOR PRODUCING A WOOD SURFACE 

The present invention relates to a method of the kind defined 
in the preamble of Claim l, and to an apparatus for carrying 
out the method. 

5 When sawing wood or when treating wood surfaces, there is 
left precisely on the surface of the wood a layer of torn and 
damaged wood fibres, notwithstanding the fineness of the saws 
or the fineness of other cutting tools used. These fibre 
parts, or deformed tracheids, occur in the form of surface 

10 fluff and make it difficult for paint and glue to adhere to 
the surface, because they are unable to penetrate through the 
fluff and enter the cell structure of the firm or solid wood 
surface located underneath. Outdoor wooden surfaces, such as 
window frames and the like, in particular, need repainting 

15 relatively often, since the "fluff" absorbs moisture and 
lifts up in humid weather conditions, thereby causing the 
paint to loosen and flake-off together with part of the 
fluff. Wood surfaces, and then in particular end-grain wood 
surfaces, i.e. surfaces which have been cut transversely to 

20 the direction or stratification of the wood fibres, cannot 
be effectively glued together, without scarfing or splicing 
the wood surfaces in such cases. 

There has long been a need for working the outermost layer 
25 of a wood surface in a simple and positive fashion in a 
manner to expose wood which is completely undamaged. This 
applies both to cross-cut surfaces and to surfaces which 
extend in the direction of the wood fibres. 

30 U.S. 4,943,700 teaches a method of treating wood with 
pulsated laser light, although in this case the intention is 
to cut through a wooden element and also to obtain a self- 
sealing and "heat-polished" structure on the cut surface, in 
order to enclose moisture in the material, i.e. as distinct 

35 from an open pore surface structure. 
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OBJECT OF THE INVENTION 

One object of the present invention is to provide a wood 
surface having an effective anchorage for glue and/or paint 
or other kind of coatings and/ or to arrest commenced crack 
functions . 

A further object of the invention is to provide a wood 
treatment process which will enable two end-grain surfaces 
to be glued durably together. 

Another object of the invention is to provide a wood treat- 
ment process which will enable paint to adhere effectively 
to a wood surface, e.g. to an end-wood surface or to a 
surface which extend along the wood fibres. 

Still another object of the invention is to provide a wood 
treatment process in which surface fluff is removed mechani- 
cally, with the particular intention of reducing fibre lift 
after applying glue, paint, plastic, varnish and the like to 
the surface. 

A further object of the invention is to prevent beginning 
crushed zones in wood from further development. 

DISCLOSURE OF THE INVENTION 

The aforesaid objects are achieved with a method of the kind 
defined in the preamble of Claim 1. Further properties and 
further developments of the method and apparatus for carrying 
out the method are set forth in the remaining Claims. 

According to the invention, the wood is irradiated with high 
power pulsated light, so as to break the covalent bonds in 
the irradiated material and the irradiated material is 
therewith released from the surface. When irradiating a 
mechanically worked wood surface to expose an underlying 
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surface, i.e. ablate said surface, it has been observed 
experimentally that breaking of covalent bonds can be caused 
to occur primarily in the damaged and therewith weakened" wood 
fibres on said surface, by suitable selection of a combina-^ 
5 tion of beam strength, pulse frequency, wavelength range and 
combined irradiation time. 

IR lasers or visible light lasers can be used advantageously, 
since these types of lasers can be easily handled. In this 
10 case, however, it is important that the beam is sufficiently 
strong to cause irradiated particles to release directly from 
the surface and possibly be atomized or pulverized externally 
of said surface. Otherwise, the particles are liable to fuse 
together, an occurrence that shall be avoided. However, it 
15 is technically advantageous to irradiate the surface withFa 
UV laser. An excimer laser operating with the gas KrF is a 
typical commercial laser and therefore relatively inexpen- 
sive. It produces a wavelength of 2 48 nm and can be used very 
effectively, although shorter wavelengths, albeit with subse- 
quently higher laser photon energies, can be obtained with 
the gases KrCl, ArF or F 2 . However, it is necessary to remain 
in the wavelength range that will cause covalent bonds to 
break, and thus not to use wavelength ranges down to the X- 
ray radiation region, since such wavelength ranges will have 
25 an influence on the electrons in the inner rings of the atoms 
instead of solely in the outer rings. However, UV lasers are 
not totally safe to work with, which makes such lasers less 
usable unless they can be fully encapsulated in the region 
in which work is carried out. 

30 

Tests carried out with excimer lasers have shown clearly that 
excimer lasers are well-suited for treating or working wood. 
It has been observed that the tracheids deformed by earlier 
mechanical working of the wood, for instance in when cutting 
3 5 transversely to the grain, have been ablated or removed by 
UV-radiation to a level at which the wood structure is 
undamaged. 



20 
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Corresponding working of the wood has also been achieved on 
tangential and radial wood surfaces. That the UV laser- 
induced ablation takes place by breaking covalent bonds 
within the wood material is proved by the fact that the 
resultant wood surface is totally clean, and thus not burned, 
and by the fact that gaseous substances are formed during the 
working process. Consequently, an end-grain surface that has 
been worked in accordance with the invention does not solely 
exhibit open lumens into which glue and paint, for instance, 
can penetrate, but also reaction-friendly cell walls which 
have high binding potential. 

The invention will now be described in more detail with 
reference to the accompanying drawings, in which 

Fig. 1 illustrates a first embodiment of inventive appa- 
ratus ; 

Figs. 2A, 2B show the result obtained in tests carried out 
with the apparatus shown in Fig. 1; 

Fig. 3 illustrates a second embodiment of an inventive 
apparatus ; 

Fig. 4 shows the result obtained with tests using the 

apparatus shown in Fig. 3; 
Fig. 5 illustrates a third embodiment of an inventive 

apparatus ; 

Fig. 6 shows the result obtained when ablating in one 
corner ; and 

Fig. 7 is a schematic diagram of binding energies in 
electron volts in relation to a laser wavelength 
within the UV range . 

Shown in Fig. 1 is a piece of wood having an end-grain 
surface first obtained by sawing the wood mechanically in a 
typical manner. The upper parts of Figs. 2A and 2B are 
magnified views of the surface structure of the sawn end 
surface. A pulsed laser 3, e.g. an IR or an excimer-type 
laser, is controlled by a control device 4 to emit the number 



WO 95/25621 PCT/SE95/00288 



5 

of pulses :,hat have been round adeq;_ ■ •. for : ..'-!e type of wood 
concerned and whose surface shall ' be worke.. this adequate 
number of pulses being determined by preparatory tests.- It 
is assumed here that the wood surface shall be worked and 
5. prepared for gluing the surface to another surface, for 
instance to enable a number of wood pieces to be glued 
together. It will be noted that a very durable glue joint is 
obtained when gluing together wood pieces that have been 
prepared in accordance with the inventive method, therewith 
10 obviating the need to scarf or splice the surfaces. 

According to the invention, the energy of each laser pulse 
at the impingement surface will be so high that particularly 
those fibres that have been damaged in the mechanical working 
15 process will be partially vapourized and loosened from the 
surface and fly away. This is an important feature of the 
inventive concept. The radiation energy required with each 
pulse is dependent on the wavelength of the radiation used, 
although it is also dependent, for instance, on the type of 

2 0 wood concerned and on other properties of the wood, for 

example the extent to which the wood has been dried and the 
structure of the surface prior to light treatment. 

A good estimation is that the pulse energy should in the 
25 majority of cases be lJ/cm 2 or thereabove for a light 
wavelength of about 240 nm. Higher energies are required for 
longer wavelengths, such as wavelengths within the IR range 
or the visible light range. The pulse frequency is preferably 
relatively low, for instance between 1-3 00 Hz, preferably 
30 between 10-50 Hz. The pulses are very short in relation to 
the pulse interspaces (e.g. in the order of 1-10 nsec) . 

The number of treatment pulses per unit of surface area can 
also vary strongly in dependence on the structure of the 

3 5 unworked or untreated surface, even when the surface is an 

end-grain surface or a surface which follows the grain. It 
will be noted that the use of an excimer laser results in a 
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35 



lower sensitivity to correct adjustment of the pulse energy 
since heat fusion of illuminated material on the surface Is 
less likely at UV-wave lengths than at IR-wave lengths , for 
instance. On the other hand, it is necessary to have . 
sufficiently high pulse energy per unit of surface area when 
treating with an IR laser, in order to prevent burning of the 
surface and clogging of the pores. From the aspect of working 
safety, however, an IR laser or a visible light laser are 
easier to handle and are therefore preferred. 

ITrJTT 1 dSViCe 4 alS ° C ° ntr0lS a " °* tic » which 

greets the laser beam from the laser 3 so that the whole of 
the surface to be worked is irradiated. 

15 The optic unit 5 is able to operate in a number of different 
ways. When there is access to sufficiently high laser e„ ergy 

Trt:ill C r Xt ^ t0 d±Verge the — angular b!L 

° 3 S ° that the bSam Wil1 — the surface, or 

20 it T T S % the ^ t0 SWSeP ^ SUrfaCS "tally, or 

tranlitt I T *"* ^ * °* juxtaposed, 

transmitted parallel bean, bundles, or it may a i so coordinat 

ItT^ 3 nUmber ° f Similar laSerS 3 (" ot so 

that their radiated beam rays will impinge on tne end surface 

to be worked in a juxtaposed fashion, so that the whole of 
-5 the wood surface 2 will be impinged upon by an homogenous 
bean, with each pulse. A plurality of lasers may also be 
controlled sequentially. Arrangements for beam diversion 
beam sweeping, beam division and for directing beams in a 
desired direction are well known to the skilled person and 
0 need not therefore be described in detail here. 

When irradiating wood material and therewith breaking 
covalent bonds therein, both dust and gaseous substances arl 

rwril ted ', C ° nSeqUently ' 3 9 dUSt SUCti °" -rangement 

6 win preferably be positioned adjacent the worked surface 
of the wood in order to carry away these gases. The arrange- 
ment 6 is styli Z ed in Fig. !, where it is shown positioned 
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on one side of the wood surface 2, although it will be 
understood that a gas suction arrangement may instead be 
arranged around the wood surface for the purpose of carrying 
away the gases in an effective and positive fashion. 

5 

Particularly when using IR-type lasers, it is important that 
the particles loosened from the irradiated surface are 
positively carried away from the surface, so that said 
particles will not settle on the surface and fuse thereto. 

10 Consequently, in addition to the gas and dust suction 
arrangement or as an alternative thereto, there may be 
provided a blowing arrangement 7 (stylized in Fig. l) which 
will function to blow clean the wood surface during the laser 
treatment process. Either the blowing arrangement or the 

15 suction arrangement, or both arrangements, may operate with 
a pulsating effect, so as to further increase the possibility 
of truly carrying away from the surface all material that has 
been loosened thereon. 

20 Figs. 2A and 2B show different magnifications of one and the 
same wood surface obtained in tests carried out with the 
invention. A razor blade was placed on the surface with the 
intention of partially screening-of f the surface, namely the 
upper part in Figs. 2A and 2B, in order to provide a clear 
25 indication of the appearance of the surface both before and 
after treating the surface in accordance with the invention. 
The lower part of the illustrated surface shows clearly the 
undamaged cell structure of the surface ablated by the 
pulsated radiation. It is evident from these images, or 
pictures, that glue and paint will be able to adhere effec- 
tively in the wood, Ly being sucked into the open cells. The 
open cell structures also often have a slightly rough inner 
surface, which affords still better adhesion for glue and 
paint. 



30 



35 



Coniferous wood was used in the test. The radiation source 
used was an excimer laser having a wavelength of 248 nm and 
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a radiation energy of 900 mJ/cm 2 /pulse with a beam area of a 
55 mm 2 . The test piece shown in Figs. 2A and 2B is a piece of 
pine wood and was irradiated with 100 pulses. 

It was observed when carrying out the tests that radiation 
effected in this way acts more effectively on spring wood 
than on autumn wood. Different types of wood also react 
differently. Consequently, the external control to the 
control device should, among other things, provide informa- 
tion relating to the type of wood concerned and also other 
data relevant to the wood to be treated, for instance whether 
the wood was taken in the spring or in the autumn, the length 
of time the wood had been in storage before being treated, 
the extent to which the wood has been dried, etc. The control 
device 4 may also have stored therein information relating 
to the photon energy that is required in the different 
instances, and therewith, for instance, appropriate focusing 
of the beam and/or the appropriate number of pulses that are 
required to treat the wood surface concerned effectively. 



in the case of the embodiment shown in Fig. 3, painted planks 
or timber is produced with the aid of the inventive method. 
A sawn plank 10 is fed into a closed space 11 in which a 
number of lasers 12 are positioned and directed so that the 
light emitted thereby will be projected obliquely in relation 
to the normal plane of the plank, at an angle a. The closed 
space 2 is screened from the surroundings by a resilient 
input port 13 or the like, through which the plank is fed 
into the space. Excimer lasers, for instance, can therefore 
be used advantageously in this embodiment, even though IR 
lasers should perhaps be used in practice from the safety 
aspect. The lasers 12 may have a relatively broad beam in a 
direction transversely to the plank, and the number of beams 
used is determined by how well the laser beams cover the 
35 plank. Alternatively, a single laser which is moved around 
the plank during the treatment process may be used. It is 
also conceivable to use a few lasers which are moved recipro- 
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catingly in the peripheral direction of the plank. The lasers 
12 are controlled by an electronic control device 121, both 
with regard to pulse emission and movement patterns, and also 
with regard to coordinating the lasers with th - movement of 
5 the plank through the space 11. 

Each laser is positioned obliquely at said angle a so that 
at the same time as the damaged outer layer is removed from 
the plank, the loosened and often pulverized or atomized 

10 material will be directed away from the laser beam and not 
be located within said beam, which would reduce the working 
effect of the beam on the wood surface. A stream of air is 
also directed along the working regions, from a blowing 
device 14 to a suction device 15, so as to quickly carry away 

15 all particles and gases in the same direction as the worked 
material sputters away under the effect of the laser radia- 
tion. The suction device 15 may include filter means for 
separating particles and harmful gases from the air stream, 
prior to the air stream being released to the surroundings 

2 0 or recycled over the working area. 

Fig. 4 is a photograph of the surface structure of a planJc; 
where the upper part 4A of the Figure shows the surface 
structure prior to laser treatment and the lower part 4B 

2 5 shows the surface structure after laser treatment. It is 

clearly seen that the laser treatment results in an open pore 
surface structure, even in the direction of the wood fibres, 
where applied glue, plastic, paint or the like can be sucked 
in and obtain a highly effective anchorage. Pulsated UV 

3 0 radiation with solely 20 pulses and a pulse frequency of 50 

Hz was used in the test represented in Fig. 4. 

For the best result, e.g. when applying paint, the paint 
should be applied before there has been time for the air to 
3 5 have an oxidizing effect on the exposed surface of the wood. 

In this case, the plank may be dried prior to treatment, so 
that the exposed wood cells will not contain liquid to an 
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extent which would prevent paint penetrating the surface. In 
the case of the embodiment illustrated in Fig. 3, the plank 
10 is passed to a painting station 16, in which the plank is 
spray-painted, for instance. The plank is also allowed to 
pass through some type of screening means 17 also in this 
case, in this instance mostly to prevent to some extent air 
being drawn by suction from the plank outlet end of the 
closed space 11 and influencing the paint-spraying operation. 
The screening means 17 may also have a plank-brushing 
facility which functions to brush the plank clean prior to 
painting the same. It is also feasible to include in this 
station means for removing by suction the possible interior 
moisture content of the exposed cells in the plank, when the 
plank has not been dried prior to the process. It will be 
noted that the various units have only been stylized in the 
Figures, more to illustrate their different functions than 
to show their actual configurations. 

The inventive method and inventive apparatus can be used to 
treat surfaces of different shapes. It should be possible for 
paint and glue to obtain a good anchorage even in corners and 
like places of a structure. It shall also be possible to 
treat wood of different shapes individually. It is possible 
to provide a moving conveyor of a similar type to that shown 
in Fig. 3, where workpieces secured to a moving working path 
can be passed through the various stations. 

However, Fig. 5 illustrates another embodiment which, in this 
case, includes a robot 21 which is intended to treat a 
workpiece 21 secured to a suction table. The upper surface 
of the table includes a plurality of holes. Air is sucked 
through the holes by means of a fan (not shown) placed within 
the table. A workpiece placed on the table is held firmly 
thereto by suction, so as to be held in place. The robot 
includes an arm 24 which is hinged so that the outermost end 
of the arm is able to move between three-dimensional posi- 
tions in space. Mounted on the outer end of the arm is a 
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light source 25, such as a laser. The outer end of the arm 
may also be supplied with compressed air 24' which flows out 
around the laser 25. The outer end of the arm may also carry 
an additional light source 26, optionally placed immediately 
5 adjacent the laser 25. 

Prior to treatment, an operator is able to ignite the 
additional light source 2 6 and move the arm 2 4 around the 
workpiece 2 2 such that each part of the workpiece will be 

10 illuminated as the light source moves. The robot 21 includes 
a control unit 27, in the form of a computer having a memory 
2 8 for storage of the operator movement patterns, and with 
a keyboard 29 for controlling the control unit 27 and for 
keying-in individual data relating to the type of wood from 

15 which the workpiece is made, etc. 

** 

After writing the movement pattern into the memory 26, which 
may be either a temporary memory or a fixed but re-program- 
mable memory, EEPROM, the operator can leave the area in 

20 which the robot and the workpiece are located and, from 
another area, activate the robot to perform the programmed 
movement pattern, but with the pulsated laser 2 5 activated 
in concert with a strong suction force from the suction table 
2 3 and blowing air over the workpiece from the outer end of 

25 the arm 24. The control unit 27 is programmed to calculate 
the requisite number of light pulses per unit of surface 
area, etc., on the basis of workpiece-related data, and 
optionally also to make corrections with regard to the 
programmed movement pattern in order to ensure that the 

30 surface of the workpiece will obtain as homogenous light 
pulse treatment as possible. 

Fig. 6 is a magnified image, or picture, showing the result 
obtained when ablating the interior of a corner structure. 
35 The Figure shows the exposed cell structure clearly, partly 
transverse to the fibre direction of the wood and partly 
along the fibre direction. 
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The number of treatment pulses that are required may differ 
with different properties of the wood. Accordingly, the end 
of the arm 2 4 may be provided with a number of keys 30, 31, 
32, or the like, by means of which the operator can indicate 
5 whether the illuminated side of the workpiece is end-grain 
or wood in the fibre direction, or whether the surface is 
inclined to these directions, and the computer can then 
calculate an appropriate number of light pulses per unit of 
surface area for the different sides concerned. 

10 

Tests were carried out on a pine test piece. The radiation 
source used was an excimer laser having a wavelength of 248 
nm and a radiation energy of 100 Mj /cm 2 /pulse and a beam area 
of 55 mm 2 , but converging to a target area of 6 mm 2 . 

15 

The deformed and/or compressed fibre fragments in wood 
include crushed zones which when placed under tension in 
connection with deformations, caused for instance by moisture 
movements or external loads, can give rise to stress concen- 

2 0 trations where cracks can be initiated. Fig. 7 illustrates 

the ablation of a surface in which the formation of a crack 
zone has commenced, at S, but where further crack formation 
is arrested after the ablation. In order to further arrest 
crack formation with the aid of the inventive ablating 
25 method, the laser treatment may optionally be continued for 
a longer period of time than that required solely to expose 
a surface so as to remove wood down to a deeper layer than 
that to which a crack or cracks have not yet reached or where 
crack formation at this depth is insignificant, and to obtain 

3 0 an insignificantly affected surface. 

Fig. 8 is a schematic diagram which illustrates that the 
chemical bonds of many molecules can be broken through the 
alternating effect of one single photon with a suitable 
3 5 excimer laser wavelength and laser photon energy at different 
wavelengths and the gas in the laser which produces the 
different wavelengths. It is evident herefrom that excimer 
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lasers, at least between 157 and 3 51 nm, can be used to break 
the covalent bonds in the material present in the wood. The 
excimer laser generating radiation energy with a wavelength 
of 248 nm, which was the laser used when testing the inven- 
5 tion, is the type of excimer laser most available commercial- 
ly. 

However, it will be seen from the diagram shown in Fig. 8 
that, from an energy aspect, it is favourable to chose an 

10 excimer laser which has a wavelength of 157 nm or a still 
shorter wavelength, since the laser photon energy increases 
with decreasing laser wavelengths. However, visible or IR 
lasers, particularly of the near infrared type, can be used 
in practice, since these types of lasers provide a natural 

15 warning to a user that the laser is activated, whereas an 
excimer laser may cause injury without pre-warning. » '• 

It will also be noted that the use of laser light radiation 
is not a necessary feature of the invention, since the ' 
2 0 inventive method is not limited to the use of coherent and/ or 
monochromatic radiation. However, the light source should 
generate with each pulse a radiation energy which is so great 
as to make a laser the natural choice. 

25 It will also be understood that many modifications are 
possible within the scope of the invention as defined in the 
following Claims. 
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14 
CLAIMS 



1. A method of providing from a mechanically worked wood 
surface a surface having an effective anchorage for glue 
and/or coatings, such as paint, and/or to arrest commenced 
crack formations, characterized by irradiating the wood 
surface with pulsated light of such high light strength per 
pulse, depending on the individual qualities of the wood and 
the wavelength of the light used, as to break covalent bonds 
in the irradiated material along the irradiated surface of 
the wood, and with a sufficient number of pulses to remove 
damaged surface cell structure at least to a depth exposing 
the cell structure of the surface. 

2. A method according to Claim 1, characterized by irradi- 
ating the surface at an angle thereto, e.g. obliquely to or 
transversely to the surface, with pulsated light having a 
wavelength chosen from infrared to ultraviolet, until 
tracheids along the wood surface have been ablated. 

3. A method according to Claim 1 or Claim 2, characterized 
by irradiating the surface with pulsated UV laser light, e.g. 
light from an excimer laser. 

4. A method according to any one of the preceding Claims, 
characterized by generating an air stream with the intention 
of removing from the treated wood surface material that has 
been loosened and/or pulverized, atomized, when irradiated 
with said light. 

5. A method according to any one of the preceding Claims, 
characterized by effecting the pulsed light treatment of the 
wood surface to a depth where crack formation is insignifi- 
cant. 
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6. Apparatus for providing from a mechanically worked wood 
surface a surface which will provide a good anchorage to glue 
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and/or coatings, such as paint, and/or with which commenced 
crack formation is arrested, characterized by 
(a) radiation source (3) which generates pulse radiation of 
such high strength as to break covalent bonds in the 
5 wood material at the wavelength of the light used and 

in dependence on the nature of the wood in the surface 
concerned, with the radiated light being directed 
towards the wood on which the aforesaid surface shall 
be produced; and 

10 (b) control means (4) for regulating the irradiation of the 

surface by the beam source, at least with regard to the 
number of radiation pulses required to expose the cell 
structure of said wood surface. 

15 7 . Apparatus according to Claim 6 for treating a wood 
surface that has already been worked mechanically, character- 
ized by an optic unit (5) which is controlled by the control 
means (4; 12; 27) to direct the beam source at an angle to 
the wood surface and to deliver during a treatment process 

2 0 the treatment intensity and the pulse number required to 
ablate different parts of the wood surface. 

8. Apparatus according to Claim 6 or Claim 7, characterized 
by a gas suction means (6; 15; 23) mounted in the proximity 

25 of the location where treatment of the wood takes place. 

9. Apparatus according to any one of Claims 6-8, character- 
ized by a blowing means (7; 14; 24 7 ) mounted in the proximity 
of the location where treatment of the wood takes place. 

30 

10. Apparatus according to any one of Claims 6-9, character- 
ized in that the control means (4) functions to control the 
beam source so that treatment of the treated surface will 
penetrate at least to a depth at which crack formation is 

35 insignificant. 
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